Background: After achieving a clinical complete response through neoadjuvant chemoradiotherapy, a nonoperative management approach for rectal cancer patients known as Wait and Watch (W&W) has gained increasing attention. However, the W&W strategy has been related to higher local recurrence and ambiguous long-term survival. This meta-analysis compared key prognosis indicators between W&W and surgical treatment in an effort to clarify some long-standing points of confusion. Methods: Pubmed, Web of Science, EMbase, Cochrane Library were searched for relevant researches comparing W&W with surgery treatment, with a time criteria set from 1 January 2002 to 4 July 2019. Endpoints were 2-year local regrowth/recurrence, 2-year distant metastasis (plus local regrowth/recurrence), 3-and 5-year disease-free survival (DFS), and overall survival (OS). Results: In total, nine studies with 801 patients were enrolled, of which 348 were managed by W&W and 453 by surgery. Surgery patients were further divided into a pathological complete response (pCR) group (all included patients achieved pCR) and a surgery group (consisting of both pCR and non-pCR patients without deliberate screening). Compared with the surgery group, W&W patients have higher 3-and 5-year OS, and are not inferior on 2-year local regrowth (LR), 2-year distant metastasis (DM)/DM+LR, and 3-and 5-year DFS. On the other hand, compared with the pCR group, the W&W group is inferior on 2-year LR, 3-and 5-year DFS, and 5-year OS, and not inferior on 2-year DM/DM+LR and 3-year OS. Conclusions: In contrast with patients undergoing surgical treatment, the W&W group has higher 3-and 5-year OS, and is not inferior on other major prognostic indicators, which, however, is based on the fact that the tumor stage in the W&W group is generally earlier.
Introduction
Neoadjuvant chemoradiotherapy (NCRT) has become part of the standard treatment for locally advanced rectal cancer (LARC), which can potentially lead to shrinkage of tumor volume, downgrade of tumor stage, increase of R0 resection rate and anus preservation rate, as well as decrease of local recurrence, ultimately helping some patients to achieve clinical complete response (cCR) or even pathological complete response (pCR). NCRT combined with total mesorectal excision (TME) is currently the gold standard treatment for LARC. 1 However, radical resection surgeries are sometimes accompanied with complications that severely influence patients' quality of life, like dysfunction of urination and sex. 2 After NCRT, around 20-30% of patients can achieve cCR, among whom postoperative pathological evidence indicates 5-44% achieved pCR. And patients that achieved pCR obtained significant benefits regarding local control and long-term survival. 3, 4 In 2002, Nakagawa and colleagues put forward the idea of nonsurgical treatment for patients with cCR after NCRT. 5 In 2004, Habr-Gama and colleagues reported a clinical research on a wait-and-watch (W&W) strategy for the first time. 6 Before long, Appelt and colleagues discovered that cCR rate can be increased by high-dose chemoradiotherapy. 7 Later, Habr-Gama and colleagues reported that, for patients with regrowth after adopting a W&W strategy, timely surgeries can still effectively control local regrowth (LR) of tumors. 8 In recent years, whether W&W strategy can be widely applied among cCR patients so as to avoid surgical trauma has become a focus of debate among physicians. In this meta-analysis, we compared key prognosis indicators between W&W strategy and surgical treatment in an effort to clarify some issues that have long been debated among colorectal surgeons. The comparison focused on the following indicators: 2-year LR/recurrence (LR), 2-year distant metastasis (DM) or DM+LR, and 3-and 5-year disease-free survival (DFS), and 3 and 5-year overall survival (OS).
Materials and methods

Registration information
This meta-analysis is registered on PROSPERO (https://www.crd.york.ac.uk/prospero). The protocol of this research can be accessed on PROSPERO website with the registration number CRD42019141601. 
Literature search strategy
Inclusion and exclusion criteria
Inclusion criteria: subjects of studies must be rectal cancer patients receiving long-course NCRT; there must be comparison between a surgery group and a W&W group; research must contain sufficient data on relevant indicators.
Exclusion criteria: research only on W&W patients, without comparison with surgery patients; studies not containing sufficient data on desired indicators; quality of study measured as Low.
Data extraction
The following items were extracted from literature: first author; year of publication; TNM stage of tumors; sample size; chemoradiotherapy plan; type of research; LR; DM or DM+LR; 3-and 5-year DFS; 3-and 5-year OS. Data were extracted independently by two separate researchers. If opinions were inconsistent, a third senior researcher's advice was sought.
Evaluation of research quality
All research works included in this study are nonRCTs (randomized controlled trials). NewcastleOttawa Scale (NOS) was applied for quality evaluation. 9 The evaluation focused on three aspects of each article: selection of study objects, comparability between groups and assessment of result/exposure. NOS is measured with 9 as full score, 1-3 as Low quality, 4-6 as Mediocre quality, 7-9 as High quality.
Statistical processing
Meta-analysis was conducted with STATA software (version 15.0, StataCorp LP, College Station, TX, USA). Risk ratio (RR) with 95% confidence interval (CI) was calculated for dichotomous data. Chi-square test and I 2 test were adopted to evaluate heterogeneity between studies, where p < 0.10 indicated significant heterogeneity. A random-effects model was used if journals.sagepub.com/home/tag 3 the test of heterogeneity was significant; otherwise, a fixed-effects model was adopted instead. Egger's test was applied to assess the publication bias, where p < 0.05 was considered statistically significant.
Results
Search results
Based on the keywords and filtering criteria above, a total of nine nonrandom controlled trials were included (two retrospective cohort studies and seven prospective cohort studies). 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] The selection workflow is illustrated in Figure 1 . 2-year LR rate in the W&W group and that in the Surgery group were not significantly different (RR = 3.535, 95%CI = 0.448~27.923, p > 0.05) ( Figure 2a ). No heterogeneity was observed among the studies (p = 0.877, I 2 = 0.0%) and a fixed-effect model was adopted for analysis. Egger's test for bias of publication was not conducted due to insufficient studies.
Four articles reported 2-year LR for comparison between the W&W and pCR groups. Pooled analysis demonstrated that the 2-year LR rate in the W&W group was significantly higher than that in the pCR group (RR = 6.422, 95%CI = 1.619-25.474, p < 0.01) (Figure 2b ). No heterogeneity was observed among the studies (p =0.779, I 2 = 0.0%), and a fixed-effect model was adopted for analysis. Egger's test for bias of publication was not conducted due to insufficient studies. (Figure 4a ). Significant heterogeneity was observed among the studies (p = 0.097, I 2 = 52.5%), and a random-effect model was adopted for analysis. Egger's test showed no bias of publication (p = 0.776).
Two-year DM or DM+LR. Three articles reported 2-year DM or DM+LR for comparison between
Three articles reported 3-year DFS for comparison between the W&W and pCR groups. Pooled analysis demonstrated that the 3-year DFS in the pCR group was significantly higher than that in the W&W group (RR = 2.462, 95%CI = 1.131-5.358, p < 0.05) (Figure 4b ). No heterogeneity was observed among the studies (p = 0.749, I 2 = 0.0%), and a fixed-effect model was adopted (Figure 6a ). Significant heterogeneity was observed between the studies (p = 0.089, I 2 = 65.5%), and a random-effect model was adopted for analysis. Egger's test for bias of publication was not conducted due to insufficient studies.
Two articles reported 5-year DFS for comparison between the W&W and pCR groups. Pooled analysis demonstrated that the 5-year DFS in the pCR group was significantly higher than that in the W&W group (RR = 2.076, 95%CI = 1.106-3.897, p < 0.05) (Figure 6b ). No heterogeneity was observed between the studies (p = 0.414, I 2 = 0.0%), and a fixed-effect model was adopted for analysis. Egger's test for bias of publication was not conducted due to insufficient studies. Egger's test for bias of publication was not conducted due to insufficient studies.
Two articles reported 5-year OS for comparison between the W&W and pCR groups. Pooled analysis demonstrated that the 5-year OS in the pCR group was significantly higher than that in the W&W group (RR = 2.528, 95%CI = 1.113-5.741, p < 0.05) (Figure 7b ). No heterogeneity was observed between the studies (p = 0.339, I 2 = 0.0%), and a fixed-effect model was adopted for analysis. Egger's test for bias of publication was not conducted due to insufficient studies. (Figure 8b ). No heterogeneity was observed between the studies (p = 0.413, I 2 = 0.0%), and a fixed-effect model was adopted for analysis. Egger's test showed no bias of publication (p = 0.319).
Discussion
How to maximally reduce surgical trauma has always been one of the top priorities for surgeons.
Despite the routine treatment of surgical resection for most rectal cancers of relatively earlier stage, Habr-Gama and colleagues were the first to carry out a nonsurgical strategy, 6 which is now referred to as W&W. She believed that, for rectal cancer patients having achieved cCR after NCRT, some may avoid surgery altogether. And during the course of nonsurgical management, intensive follow-up protocols have to be implemented to make sure that LR/regrowth is duly dealt with.
The value of the W&W strategy has been recognized recently, but its use in clinical practice brings frustration as well as excitement. One major problem concerning the broader application of the W&W strategy is that, although it is considered as recommended for patients who have achieved cCR after NCRT, criteria differ between studies as to what the definition of cCR should be. That is to say, the outcome of cCR depends on the extent of precision of the selection process. Basically, the current methods for defining cCR include digital rectal examination, CT, MRI, EUS, proctoscopy, proctoscopic rebiopsy, and serum CEA level. However, not every center is capable of routinely implementing the strictest criteria, and concluding a diagnosis of cCR after confirming negative on all the diagnostic methods mentioned above. OS, overall survival; W&W, wait and watch.
From Figure 9 , we can see that, in all five studies comparing W&W with Surgery, the research of Habr-Gama and colleagues has the strictest cCR definition, and the 2-year LR, 3-year DFS, 3-year OS, 5-year DFS, and 5-year OS of her W&W group (Table 2 ) are all the most desirable when compared with their respective counterparts of the W&W groups in the other four studies. On the other hand, the research of Lee and colleagues has the laxest cCR definition (Figure 9 ), and the 3-year DFS (the only indicator in their study) of their W&W group (Table 2) is the worst when compared with its counterparts of the W&W groups in the other four studies. In the four studies comparing W&W with pCR, excluding the research of Smith and colleagues for its ambiguous cCR definition (Figure 9 ), 13 the research of Mass and colleagues has the strictest cCR definition, and all the indicators (2-year LR, 2-year DM/DM+LR, 3-year DFS, 3-year OS as listed in Table 3 ) of their W&W group are the most desirable when compared with their respective counterparts in the W&W groups in the other two studies. On the other hand, the research of Smith and colleagues has the laxest cCR definition (Figure 9 ), 11 and the 2-year LR of their W&W group (Table 3) are the worst compared with their counterparts in the W&W groups in the other 2 studies, even though the other indicator (2-year DM/DM+LR) of their W&W group (Table 3) are only second worst.
Thus, as indicated above, different definitions of cCR have obvious and direct influence on the prognosis of the W&W patients, as well as on the relative prognostic advantages of W&W strategy over surgical treatment under equivalent conditions. And, implementing the strictest definition of cCR can definitely maximize the prognostic benefits for W&W patients. In this case, we suggest the strictest definition of cCR being negative results on all the following examinations: digital rectal examination, radiology (CT or MRI or EUS), proctoscopy, proctoscopic rebiopsy, and serum CEA level. Considering the practical situations in most countries/regions, it is thus recommended that application of the W&W strategy be restricted to central hospitals with sufficient equipment and personnel, as well as a strict and standardized registry and follow-up system.
Despite rigorous selection, cCR does not necessarily correspond to pCR. In other words, for patients diagnosed with cCR after NCRT, the pathological result of a rebiopsy or surgical specimen does not always indicate a pCR. And for this group of patients, if radical surgery were not applied, recurrence is almost inevitable. Interestingly, in a retrospective point of view, the residue lesions of as many as 7% of patients validated as pCR by surgery would have been mistaken for cancerous ulcers before surgery. 14 Furthermore, there is still another major obstacle concerning the W&W strategy, which is its inability to effectively address cancerous cells possibly remaining in lymph nodes, as well as in perirectal tumor deposits.
From the results of our pooled analysis, we can summarize that, regarding 2-year LR, 2-year DM/DM+LR, 3-year DFS, and 5-year DFS (Figures 2a, 3a, 4a, 6a ), the prognosis of the W&W group is not inferior to that of the Surgery group, whereas, regarding 3-year ( Figure 5a ) and 5-year (Figure 7a ) OS, the prognosis of the W&W group is even superior to that of the Surgery group. However, as shown in Figure 8a , in every individual study, the percentages of patients with stage III/IV disease in the W&W groups are all lower than that in the Surgery groups. In other words, despite the fact that the pooled analysis in Figure 8a failed to reach significance, the TNM stages of patients included in the W&W group are predominantly earlier than those in the Surgery group (Figure 8a ). This can, to a certain extent at least, explain W&W's seeming advantage on 3-year and 5-year OS, and, at the same time, undermine the credibility of W&W's noninferiority on other prognosis indicators, as mentioned above. On the other hand, the pCR group has significant advantage over the W&W group on 2-year LR, 3-year DFS, 5-year DFS, and 5-year OS (Figure 2b , 4b, 6b, 7b). On 2-year DM/ DM+LR and 3-year OS (Figure 3b , 5b), the pCR group is not inferior to the W&W group.
Regarding this novel treatment strategy, we believe that its most significant advantage is not improving patients' long-term and short-term prognosis. Instead, it avoids the trauma and potentially critical complications of surgery, which is especially relevant for older patients. According to Smith and colleagues, patients aged over 80 can benefit significantly from a W&W strategy. 19 Still, the most urgent questions faced with this management strategy are how to more accurately assess cCR, as well as how to optimize a more standardized assessment/follow-up protocol.
In conclusion, compared with patients undergoing surgery treatment, the W&W group had higher 3-year and 5-year OS and was not inferior on other major prognostic indicators, which, however, is based on the fact that the staging of tumors in W&W groups is generally earlier. And, compared with surgically treated patients who acquire pCR, the W&W group was inferior on all major prognostic indicators except 2-year DM/ DM+LR and 3-year OS. Additionally, by comparison of cCR definitions across different studies, we conclude that implementation of the strictest cCR criteria is critical for W&W patients to acquire maximum prognostic benefit.
